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(57) Abstract 

A CDMA demodulator which is improved in interference canceling effect even when signals are sent from 
many communicators. The demodulator receives signals sent from a plurality of communicators and having a frame 
structure in which a pilot signal having a known pattern is inserted between information signals at regular time intervals. 
The demodulator includes interference cancellers which demodulate the data transmitted from the communicators, and 
estimate interference signals. The demodulator estimates the variation of each path of the channels, performs the 
demodulation of received data, and estimates the interference signal replica. The errors of the interference signal 
. replica decrease as the data pass the interference cancellers, producing a marked interference canceling effect. When 
the interference cancellation is executed after detecting the reccotion level of each channel from the total sum of the 
received electric power of the paths of the channels and determining the ranks of the channels in order of reception 
level, a further marked interference canceling effect is exhibited. 
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+-+S M (1 > *3iL3lv»fcflr?-K:ov»-C\ I CU 2 1 0-1 tmmzLx, 
f£2 ^f-yoa-f 2 OICU 2 3 0- 2 ^ f& 2 * f- - i?X7fctbtz 

2 a. -If OTiMf * *1&ibh 0 ZbK, iM^-f(7)ICU23 

»2^-f- •^Tifl5feL^tt03.-^fwT*M-§-t'^ I J *<7>%&ffi. 
Sl (2) +s 2 ( 2 > +-+S M -i< 2 > ££»«-^Sd *&2!LSIv>fc«-3-K*frL.T, 

»v»jftx:*ttf, jdkJ-— »fli, t 9>#>^OKv» (t4t>t,, 

5fi«^i'^** t **v>) j. --»f nwcii* i^f-v-e^fm 

**M^*gf tl^SiSfi, #Xr-y(D^-f ft£, 
-5>* l ^-A-ifoT^fi^-i/^'; *coffijg7i ? I&3±1-So 
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V>T> 4f$fc{±, Eb/No(energy per bit to noise spectral density) £?fcL^ IS 

ftftiifS t if iD L£v> 0 Eb/No^l 0 d B co#J£-eii % 

H9-I4, ^^ttw^e-y hKWtt^ia 

Bb/No #1 0 dBOtfiETMl. afrl&WoWOgitt, 2JDfi¥:K? 

§H*fe#J 2 

*££>*>, looi CU4r^fl-ffl-ett»jjgLttffli-4ii:K' 
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'; 3 0 3 fc&j£$;M&o 3 0 3 li. ^^^;U7^*>^SI5 1 0 5^ 

m&t Lxmt-tZo -r*t>%, i5A^iis2 02, 2 0 333*^2 

2 3 Kttfc-tho =F#«#S3 0 4 l*> H5AOf»«##2 0 4 

is 2 4 feO-C, > *V 3 0 3 irhU^lb $ ftfcS:tfe«# 

s^fe. ^aMt-s-W 1 ; ij * *y 3 o s^fett^asii^T^flr-^v/v 

*£»JM-* o ICU310li, 15AWICU2 1 Oisi^SBroi 
CU2 3 0 HWlSi - * ¥8**t#»3 0 4 »Hl*}:^LT, 

mm^isf) uzmx-rz* o tx, i cu3 1 on. #3— -*r % 

^vyV*>«V 3 0 5 Ctiatr,- 
'*JS« 3 

i 1 1 li, #»WKJ:S CDMA«W*«©*3HttflI*=*tt*, I C 
UrtW^yf b7<f*^ PCHE ('<-f n y > *^RI&ft 

KJS«Fl-*±$ ?-**;ut?tt, ^5JttaS*«*«:*fci<>*C, &^-*f Otitis 
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0/<*f > rn 7 ^ l^3<DMy ^*>(Of ^^s, 7*f^r-yf 
SflUt* J: * f - * * /u 7 > * > P r V * 

frMfevmmz&ir^? must**, hi 30^1^ i7^i^i 

tiff l^yv*i4tts;t^iS c 
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Bl 1 1 KM f9 x *^ift«0 I C U fto P C H E £ <£ tff- ^ * /u&l&iltflt 

. HI l'fc£v»"C, A^SS^ 0 1 KW&nS*ifc£«tetMr$li, 
f^'H0 3 CliatilJ. >*V 4 0 3li, H1201/WD'; h 

3, f-^r^JtS&BU 1 5 S fiiWn? h 7 U-ARIJBSu 'l 9 left 

$n $ -ft* ^> o 

'fn? l-flW&^SM 1 7 n y Y v > # >U©3&£ffc:ffl{±, /<>f a ? 

ffttHQftU 2 1 £«fcOW*a&4 2 3 K#i&Sa*c /Md? Froy^ 

t>r*»«au 2 5K:tt*&$tL, ikh4 1 3 *ao 
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^S^Teb^o L^L&rt ? <b, RAKE -^J^ tC £3 V> T {£ % 7^f^oi^ 
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Z<D 1 7 4#it07i:*5IS*LfcCDMAaiS6tt©, £i 

ClOICU510-k75 f > B 5 Atw^-fll 1 ^M<^ I C U 2 1 0 tm 

( 1) ^f&l'T'V 5 05 (505-1 - 5 0 5 - Lk) & 

fcrfciwKttfc&p -o=f^V"/'J #l&£gU5 0 5 lis Sft^;i/©7jvf 

il4W : P«^5 0 4-kl±, 0 5 B?)-fWS2 2 4 HWiSU 

a^^5 o i izteffi-ztitzgrnfotkm^si ($«Ktt«fstaEu 

^5 0 4 -kii, i^i 1 (k-l) .a.— Tfcov*TMU 

^^7^-^ i •C#? } fi^ : F^l/-/'J fell L9I*, 

(k + i) *6»Mi ■coa.--»ficov*rii, loTttro^ (i 
-1) ^^-^^#^*L7tT^V7 Pi ;**^:#4£t5:M^^'c>^LB(<o til 

£SB 5 0 5 i:tt»S*i-*c 

T ^V7*'J 5 0 5 it, gf-t^;n^#-7juf/Ui:ov>T, i 

Sflr*£ftfi-f-S3 a LSI v»T o £fcx.tf, Tiw^V*^ 

»50S-llt, iftnm ( i - 1 ) ^2 TJl/fv<* 

jeip*oi-^Twv/i/f-/'c^o : F*^^v * s«jfi:tfcfi-& s 3 

T#*.*fc, ffi*^-y<0 1 CUT*i5£Lfc£k#BOA--»fO, Li 
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1 7 ^Sfetfc^tL^o ftib\ HMKi^T, Lk lii-f k©RAKE 

(2) #/-?*0#&ifegB2 1 7 |Xf-^7j^;U$CD 
fil^/'J*tLr, fcb^4S^5 0 7 (5 0 7 - 1 - 5 0 7 -Lk)> 
bmjj-fZ&o ZtibtDTmi'-??) from (i+l) Xf-yCft 

iUOICUt-li, W^'J #&*g!$5 0 4i3iiy f 5 0 5 
li. I CU5 1 OfttfJ-r^ 2 1 Lt, £M 

K J: #Uf, £ 1**01 iJtttLT* S I R£§ fcfcrtLhS* 
SI 5tt, *»W»:i*CDMA«lW8g*0«5liai«0, ^2^7- 

ttwii* ■7 , -^«jg»2 i 5*e» ma infuse?*- ^-m^ 
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ttW1-So-£*««#tfctil»5 2 1 (5 2 1 - 1 - 5 2 1 -Lk: 
fc£U Lk {±R AKE^O/^jR) i±. &^*«K&ffitt«-'i-*>«-§- 

*Dfc LT*i6*ii:.*»T?i&o *n#Si5 2 3(±, «*«ttiS5 2 1 O&tH 

^fl**W4o • £?fcj£^&H%&8E 5 2 5 1^ £0>S««^* 

ITU 5 2 9tc«»*"*t, flje^'-^©«IBffi* s Sfll«-f-©«««i:^y * 

^lifeflJ 6 

]2il 6 A i3 «£ 1 6 B Ji , \Z 1 £ C D M A^ISSIlOi 6 ^ifeM 

<£U W, 1 Xf-y^tf >-t/USR©fllJft4:*i"7'n y ^Bt*4. fib 

f 1-7^^10 3, §&4t l^/Ufctti* 1 0 4 £ £ tff- **>u? >*t?r 
«105i, »2^f--yJSl|*0 ; f**^ >-te/H»l 0 7«J:O r -10 8li* 

fllia:tS:»-§-»=|B|«ILfc*ttkW-f-> , / , J * fc> £#&ffcM-f s t <D&®&m 
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O/H^ * fflft r £ f- * * /U 7 > df > ^fflf $ 4- ffi # -j- £ o 

016 AiSitf 1 6 Bfci3V»-E\ 7yf h7^^ 6 0 1 (601-1 
- 6 0 1 - k) 14 % 

fh7^^106t, ^S^BS 1 05 3ft»fe«5flMR»C ioTs 

6 0 1 *e>©fir**X2J"S* b/Ufc LT, ]£W^»*$a*&£ilt^ 

***|B|«I««[ • =F8»fe*»6 1 0 (6 1 0 - 1 - 610-k) 14, 
H5 AO I CU2 1 0*fe7?f^ 1 *lfcv>fc*j0&fc;g-u 

7*3 'J 6 0 3 (OffiMf^^l ~nk?-vZll'<D=Fmu-7V 

'* (k+1) -*MJ--'T»CIW LT»± N H5 Atr^l-flSlliifefflloitJfe 
SB^i:|H|1£T-£>£o i"&*>^ % £g£2 0 3 , ; F*«itg2 0 4 , iJJitf- 
I CU 2 1 014, ft 1 JSttWtR»1?*4, £ ? Lt, SM^l*"**© 
*£v»ka— «ncov*"C14, f*3 V 6 0 3 Offift Cio'wTfiJl/ 

:/V***£U :o«jgT*l/7 , 'J #£ffiv>T??ti? O (M-k) jl-- 9-* 
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-v> (gSH*^— >') COT 8*** f-b/Uffl 1 0 8 ' #3.--»f©#£f- 

fa V v-* 6 0 3 §iifv^;^7Clv»k jx-^os Lk 

6 0 3 K iSjS^ft&Jitt&Oi: 5 Kir do "TSfc*., fa'J 
* 6 0 3li, k*— ifWjttfe^fcS©^^ 5 >7tfrb, &'<Z<0&m 

^iti±. as (k + i) ^-^frhnuc3--'*f<D&s*xfrt><nn% : ?&m 

f-^*/uS£Ul*tflf» RAKB^U^,tO f f3si/7'';»4i 
£fr-5o 3^t,kJ--fWf^l/yj*li, £ (k + 1) a-f^ICU 
2 10 - (k + 1) M^V&jJk & »} , *1 *ttWfcR«©«L3#*Tsfo 

ffSTtt, ft«Ioa:«f-C ; F*U'-/ , J *«5gS:5:itS, Sift i^^JK^ti 
V>JTOi-f*«, 5p3pJ-C*-afe. L^L***^ *$SttWTM4, S#JO k 
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01 7Afii-0fl 7Bf±, *ft«i:j:«CDMAafllMo»7*»fl 

ESI 8 AfcJETl 8 B\i&%miz£Z>CDMAmMgt1M:<7)m&i£mm* 

(1) TS*** >-t;V§15 7 00, 72 0£«fctX74 0 «^, 11 4 O 
T#4t>-t;vSl 0 6,1 0 7RV1 0 8- 9 tWJItfk^itTv* 

*^t7n 7 ^if2bs 0 fc**u mi 9 B©te*-c^7Cf«fri±,. 
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12 1 9 9 BC^tf^t^tW, SI 5 A K7fi~r =FW * *r 

V-fe/MfcfcJlfcSj&MU I CU 7 1 0 (710-1 - 710 — M) O 
mfc-V&Zx, I CU 7 1 Ofi, iKMfOtffi^Offig • 
.fctf-r-^'fllfefcffjbfcvio JMfrWKtt* H5 A.© I CU 2 1 0ri»<b, 
j££$2 12-216 *4Tv^#jftT**o ICU710W7-; 

*m^i-^c £oa£ffitfe«^wu mtnu2 1 7 ^ *l* 0 

tfc«2 1 7 1*, #^XOS«J£ifciRF^JwraJHLfe 

Mi£2 18l±, #/UO : F$f^-l'7''J #OiBtr*0£2&i&*o i*L*«, a. 

2 1 1 -C&lfcttLfcM-fcs fi*>(:SffiM2 1 7t?WK:tS:-rSii:»wJ:^ 
T, »l^Jft«kttttLTEIttofBr*'fkSrBI4i2:*»-CS*. 

(2) JR^-f'-^OT^^r^^'bJUS? 4 OOffiafllK:, rc-f 
fiSIK ■ RAKE*Jfc«ttra&lfcifett7 50,.760#J:O e 770 *tfc 

m%$rXT--V, -rf£t>*>, ^H^-r-ycoT^^r-V 7 4 0 <D£- 

ft^JV^ICU^?), T^MS^Sft^fT^DiCH), D2(H), Dm(H) 

ffffiiB) • R AKE^ftWraJH«ft&»7 50, 760£.fcU r 770 K, 
ft^tiATJSfrt&o &®M7 5 0 OflDftfcftffeli, ft 1 gjfefll?) I C U 2 
1 0ft?>, ^vf-h?***^ 1 1 frb7-*mE.& 2 1 5 4T*©»jfciS 

1 £0>f§-^£, ^^«i:iffiftt4. PC HE (A'^n^y^f 
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f- + */HatfS£l&fctt56U h 7 >f 7 5 1 ©ffifcKif LT, £ 

«■*-*• RAKEW7 5 4li, f£ffi»«3 itfcfc't**)^*, 
^^«tStI*tURAKE#«ti. f-^*iJ^S57 5 5li, R 
AKE^$^f*^u, W£7*-**ltlfli-* 0 CUT, #g 

0OK£V>Tli, %2 *7--V(D : ?&*c*r>*)VZ 7 2 0 <D, #1 CU 7 3 
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5 0 LTV>4„ 

02 0{± % #S§93K,fc3CDMA^pgg<£l&9IS;&ffl£^1"7n?^ 
*W#Jfc*J *tff1UBIi. *2£ttfl£ *ffJMSIi6«**&Wfe*frOT. 

$lfe0O l 0 

a g««-es I RfciHJeU *-*ifcB«S I Rfck«>l&fc2fev* 
? n-X K ;v-7'lOlfI*SI]ffl!^ ^ C DM A&ffrjUsK&ffi t fc» 

ifc7x-yv^iMdT mm) t=o*LT^ 3&«ma<& 
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U &a«?-**fl>*)MS I R#«fc *) -!§fo±-fZ Q ■ 

®^<^«-^c9S I R i&SS****. v;i/f-j.--ifs 

^^ir^-t^litogaSSfc.fHo Wit If, ^fr + XT-vmiz&^x 

fc&o f 3'J 1^ — ^ ffi! is v> t {± % a— »f&$ itf'tXjfoFitJjtS 

tifct&or, a*T^jw*'KR**&g4##*LT&sas#i*it* $ 
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^5*Ltv>«:*»ofc B *3*£lfi*f«l±, 5fii?f^t >-fe? Lfc* 

H2 2J±, *%mizx *> c dm Ammmmzmmmtifflwz mm Lizm 

ff-?N (N*±2&±OSE») Olftt:*tLT, 4afift*/K0#/U 

S I RiWjfeas 8 0 2 l±, -ryf h7U^801 © ffi S I R£SU 

^t4 0 T/l'f-.x-— FTSM 1 * '✓*? 8 0 3 I4, *aftf-** JHCOUT, 
T8Mfc*3*Lfce-5"*ffl27l-a«, $fig D pSfll!gft8 0 4Ji, ^JUf-JL— if 

*frmz.mi&1r2>o B^S I R i&TESiS 8 0 5 its Mfifffl!f£8*8 

£i|RS I Rtt*K5£-f*o TPC (SHtmM®) tT y h 8 0 6 

{is S I Rffll£ffi8 0 2*fcf*fe:h.fcS«S I R*. BUS I R1£;£§B8 
0 5 7&>f>#£*t£BHS I R fcJfctfcLT, *^jS1-*p 
123 A*5«fctf2 3 BJis $«fiK«l&9 8 0 4 OSfrWfcSvf-T'n y * 
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ftflTiftJf«l5tW8 0 4^:^1, 02 3 B 14, /^n 7 h y>-t>©If)$ 

tansetT, ftm&g&it&i-sftm n B qjM5£s&8 o 4 t^it'^i. & 
«*»iw»^ tritis i RSr*at4<oti»toK 

*ttt\ a«s5tiaiijeas8 o 4ii, it^ws^^n^oT^fb^^fv^ 

<OB^S I R<6£*iijE-f & 0 Lfc^oT, * > -b 7 8 0 3 

H2 3AC*v»t, CRCfi-/^gi58 1 Hi, v ;u<f-:x--9^pgj?* * 
*/'fe5 8 0 3*f>lilA*iifcSt7'-^i:»LT, CRCM (Cyclic 
Redundancy Ckeck) *fr-5o ?-&fc*>, <fc £ AlttHRC* ft 

- AR I? tf&Cfcfc * c 

7 l"-AK»?ti-fta&8 1 2 14, 7l/-A^t) OfiS&fcitSi: L, 7 
^•?^^mtli-So 7 l/-Ail)$Li v>f£3££gl$8 1 3 14, 
D*OL§V*fcfcHi27 + *» ft«iBK*!l5e«8 1 414, 7l^-A^*)!££, 

RSS«8 0 5 i4, CfiO-g-ttCto-C^iUS I R£$£IEL, 0fjE§*Lfc3fc* 
SIR 0 

0 4 i±, >XOZ ? fcfltoftSftS, n y h ^^fl^^gBS 2 1 {4, 
9 — n y h v >^^*^jft-j-S 0 /\*^ n y h S/ >#/i/R !? 

ff&g&8 2 2 {4, * 2.- 8 0 3 £ ffi^J $ tifcftft 
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*K^!g<0L§ Hi $«n n qK«5fe«8 2 4 /<*n y h*> 
tSo 1«S I RKjeSRS 0 5<±, iOifCiotiiSIS I RfcfciEU 

-watK:ffe«-»*-ffi**t*o s i r mo^sis s o 2 it, m&iki& J &*m^ 

EI2 4 it, v-y f- h 7 8 0 1 ^fflftfc^ 1 ****-*:? 8 0 3 Offi 

jtJfc*lfc«feL^:BI-C*So BiSI RK5£-»8 0 5 CJ:4B»S I RO» 

( 1 ) §|RS I Rl±x =F?£*^ >-fe^8 0 3 

A,T* f#*t^*7 8 0 3 0ffl*H*tt'*W35S I RfcJfc^TfifcKBfc 

(2) ^^^^-1:7 8 0 3«f»ii^li, WmSfflMftfcJStT 

(3) s&flrastiwfea&B o ±tfmfcvtz : &m&%'ti s , mmn&^^st^ 
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(5) ±te (3) fiiir (4) oiHittJistcicior, §«s 

I R ^8**^ ^-b7 8 0 3 Offl^Kfe^TSfSfoaR^ittfcSiLaflt 

TPCt*-; h£j£S&8 0 6 tt, S I R$J;egB8 0 2 *» 5, $ titzMfc 
SIRt BUS I R t £Jtf£U T»#* f -tEIo'Cv»i § ii, ii«0*B^ 
iUffim^SrTtf J: tolim (TPCtfy h) £2££o &fC* 

*ifi« 11 

02 511, *»Mtcj:*CDMA«W««KaHB«*«ai*JtfflLfett 

( 1 ) v^f-Jt.-'fT 1 *^^ y* 1 ? 8 0 3 t LT, H&fl] 1 <r>vrv # 
(2) gHn°agiIfl5£Sfc8 0 4 fc LT. EI 2 3 BCSt^n; > v^** 
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MV&MfcUS 0 4 */8v>fcAo 

^^fc^o itLtC^^T, f^*t>-fe58 
* fcs ^Fi^^r t v-b? 8 0 3 <d£.*t- vK£v*T, =?&m*lr^'7*) 

fusea 1 2 

JfcflU fc * * & £ 14 ^ /Uuy Y s s># A'TOK 0 spfflfeW 8 0 4©^ 
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3£tfcLT£flrU &7t&m*xk*'if*) CDMA (Code Division Multiple 
Access) iUfv^T-A KiSV^T, ^ 0)^4 n y f 

v * * tit ffl i" * 3£« v ^ * 4ft ffl » > 

* ^ fit -f S _£ t * W it t ? i C D M A % M (KE g o 

2. »*OlEH*l^tCffitt^CDMA1![P«fllK*v»-C, lWrStt&X 

f-y'Oii ( il*2 &±OS£t$c) & (i 
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m-^"/ 1 ; * ( i + 1) ^-r-^o^*^ >-b9utt*&-r* it 

3. »*^«H»2Ei::SB*OCDMAMItSfifci3V>T, Mia#*"r 

(k=l, 2, ••, M^wf^i^) >-t7fi, 
2, -is* IF (k-1) f iOA-f of W 1//'J * t.lt, 

LSI * (k+1) . (M-l) fiiffMtaOi-V 

wT^ff uyj * t Lt\ g (i-1) ^f-y^Tl^t'/-fe7i:S 

T»«Jt»^tt*e**oiftfB«*R7'-^^*^>#^ti«^rt#»iBiL, 
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£ &ffi i- 2> Z. b £ #fffc t -T £ C D M A Sfl^go 

4. it*^f£HfiU«KiS©OCDMA^il3£gKj3v>T % tt&fSH* 

5. »*«3iSH»i*»ziEttocDMAan*«K^v»T. frisfiiig^ 

DMA«fg|gg 0 

6. »*«3$EH»3^Jcffi|RoCDMAaWi6tt»c^v»r, flrB^ny 

4CDMATOf e 

7. W*0«H|&3flfcffift©CDMA«W«fcin*T, Ttfrf2&*x 

8. »*OffiH»6a^lBlft<OCDMAaWi[E«IC4JV^-C, TiirfET^*^ 
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9. »*7)«l*3Sl:ia«oCDMAail3i[lC*v»T, «Si < U± 

ft) «!>;ffl|Htfcffi»oA;&iniC, II (i-l).^f-yi:J3Jti 

10. BH*0(5H*3aii:|B«tOCDMA«»Itt«l=fev*-c, H&ia*?' 
T g*** >"fe7(4, SMC 
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11. It&OfEBlftl aCfiHOC DMAIiSf|:£v>T, « 1 *-r 
Iff fS^MM-^- I' 7C £ v>£ ^ <b K ( K It 2 J0L± P G JttTO 

^<T> (M-K) oa-f 0#T»fifv^v * ft4*t* I is tftftt 

12. ff#0®Hlgl l^{C|B^<7)CDMAmP^St:i3v*T, tiflB^ 

( i it 2 U±OS£fk) *r--5>©=F»**>-fe?Ji, £ 
( i - 1 ) Ar-i?<n^m*v> J i: 1 7'?m%.Lt:&3--*f<D=fmm^ls-7 

f * $ (i+1) ^r-y«) ; Fajs*-v>-fe9Ctt|&i--& 

13. tt^oiEBft.i 2^tia«iocDMAawttfli»:*v»"Cx triads 

l^f-WjJ*t>*?li, ftp (K+l) #BJU»oa-if4ft;, Itr 
(K+l) , (K+2) , MOwfiisH #@O^.-^<0-9"7* ; p^*^ 
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. (K+l) , (k-1) *i«?o.—»WF8MM-l'7 , 'J * 2: L 

<=> is lsi < ^wtmnm t . 
m *■ * * & mm&mu-fr h m tt s *l tz * m <n * i- * 

R A K E i: , 

ffi£ R A K E ^ASO ffi^Jffi-t fcfljTt- 5 7*- * fJ5e§P t > 

* * X > 7 iz m m L fz ttLtikft^ T JC1R-J- £ ff&ifcSS 2: , 

^tJ'^fOik (k-1, 2, M^)v»i**L*») #g^J---ifO-9- 
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